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lb/d) and the average calculated fatfree lean gain (.61 lb/d) is 15%. Therefore, if the producers were formulating
their diets based on the lean gain
potential of their pigs and not the
actual fat-free lean gain the diets would
be over-formulated for dietary crude
protein. This may explain why some
diets were over-formulated for dietary
crude protein by as much as three
percentage units. In addition, research
has shown that when pigs are fed a
corn-soybean meal diet with no crystalline amino acids to meet the pig’s
crude protein requirement the plasma
urea concentration should be approximately 25 mg/dL. In many cases, the
plasma urea concentrations shown in
Table 1 exceed 25 mg/dL, further supporting the finding that most diets
were over-formulated for crude protein.
Conclusions
Results from this on-farm study
indicate that the relationship between
plasma urea concentration and dietary
crude protein is similar to the relation-

ship established in our research facilities. Plasma urea concentrations have
the potential to be used as a means of
selecting replacement boars and gilts
with a high potential for lean growth.
Animals would be selected for a low
plasma urea concentration when fed a
diet formulated to meet their dietary
protein requirement. By using this technology, a producer would select animals with a more efficient utilization
of dietary protein and an increase in
lean muscle accretion. This technology also has the ability to help producers make management decisions on
their farms. Producers could use this
technology to determine if the environment, diet, facility or a management practice is limiting the lean growth
potential of their pigs. These results
also indicate that plasma urea concentration has the potential to be used as
an indicator of the protein requirement of growing-finishing pigs. The
use of plasma urea concentrations to
determine the protein requirement would
be less costly and time consuming than
the traditional feeding and carcass
analysis experiments used to identify

protein requirements for growingfinishing pigs. However, nutrient
requirements for each phase of production on each operation are not the
same because of differences in genetics, management, disease, and facilities between operations. Therefore,
this approach may assist producers in
determining the correct time point to
change the nutrient density in the diet
to meet the protein requirement more
accurately. Also, this methodology may
help producers and nutritionists clearly
identify instances where excess dietary
protein is provided.
A special thank-you goes out to all
of the producers involved in this
experiment. We appreciated your willingness to participate in this experiment, taking time to fill out the survey,
and allowing us to bleed pigs on your
operation. Without you this experiment would not have been possible.
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Summary and Implications
The effects of extruded/expelled
soybean meal (ESBM) on growth performance and carcass composition of
pigs from weaning to slaughter were
investigated. Two experiments were
conducted. In the first experiment,
weaned pigs were fed a diet containing
either conventional solvent-extracted
soybean meal or ESBM. Average daily
gain and feed efficiency were greater

in pigs fed the control diet. The second
experiment was designed to determine
whether nursery diet influenced
performance during the growingfinishing period. In the second experiment, half of the pigs from Experiment
1 were assigned to either a control or
ESBM diet and were fed until slaughter. Average daily gain and feed efficiency of pigs fed the control diet were
slightly greater than those of pigs fed
the ESBM diets. Differences in performance of pigs fed the two diets were
greater during the nursery phase than
during the growing-finishing phase.
These results support our previous
research in that ESBM offers no
advantage in swine growth performance

over conventional solvent-extracted
soybean meal.
Introduction
Extruded/expelled soybean meal
(ESBM) is produced by mechanical
friction creating a high temperature
for a short time period. The temperature and the time spent at a given
temperature directly affects the quality
and nutritional value of the product.
Extruded/expelled soybean meal has
the potential to be a high-quality protein and oil source if processed correctly. After extrusion, soybeans (~18%
fat) are expelled (pressed) to remove
(Continued on next page)
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the oil. Extruded/expelled soybean meal
(the final product) has about 7% fat
compared to <1% fat in conventional
soybean meal. Therefore, ESBM has a
greater energy content than conventional soybean meal and has the
potential to be an excellent feed ingredient. Extruded/expelled soybean meal
is a convenient way to include fat in
swine diets for purposes such as dust
reduction, in addition to its nutritional
value.
In the 1998 Nebraska Swine Report,
results of a study comparing conventional solvent-extracted soybean meal
to ESBM fed to early-weaned pigs
were presented. In that study, pigs fed
ESBM grew more slowly and were less
efficient than pigs fed conventional
soybean meal. In contrast, recent work
completed at Kansas State University
(KSU) suggests that pigs fed ESBM
perform similarly to pigs fed conventional solvent-extracted soybean meal.
The ESBM used at KSU was from a
different source than that used in the
Nebraska study. An article in the 2000
Nebraska Swine Report concluded that
there is considerable variation in the
quality of ESBM fed to pigs and that
affects its economic value.
The primary objective of this
research was to investigate the effects
of soybean meal type on pig performance in pigs fed either a diet containing conventional soybean meal or
ESBM.
Procedures

Table 1. Composition of experiment 1 diets, % (as fed basis).
a

Ingredient, %

Calculated composition
CP, %
d
Lysine , %
c
ME, kcal/lb

Experiment 1
Four-hundred-eighty crossbred pigs
weaned at 11 to 14 days of age (initial
body weight 9.05 lb) were used. Pigs
were housed in an environmentally
controlled nursery with heat lamps for
supplemental heat and had continuous
fluorescent lighting throughout the trial.
Pigs were allotted to pens with 20 pigs/
pen (10 barrows and 10 gilts), and the
pen was the experimental unit. Pens
were allocated to either a control diet
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b

Control

ESBM

Control

ESBM

39.15
15.75
—
27.00
5.00
7.00
2.00
1.15
.15
.10
1.00
.30
1.00
.40

40.40
—
16.50
27.00
5.00
7.00
—
1.15
.15
.10
1.00
.30
1.00
.40

50.00
25.75
—
14.00
—
4.00
2.00
1.25
.20
.10
1.00
.30
1.00
.40

50.65
—
27.10
14.00
—
4.00
—
1.25
.20
.10
1.00
.30
1.00
.40

22.26
1.34
1,514

21.98
1.34
1,495

20.57
1.09
1,513

20.04
1.09
1,512

Corn
c
Soybean meal (47.5% CP )
ESBM (43% CP)
Dried whey
Plasma protein
Menhaden fishmeal
Corn oil
Dicalcium phosphate
Limestone
Mineral premix
Vitamin premix
Salt
Mecadox-50
Zinc oxide

a
Phase 1 diets fed from d 0 to 14, Phase 2 diets fed from d 14 to 28.
b
ESBM = Extruded/expelled soybean meal.
c
CP = Crude protein; ME = metabolizable energy.
d

Apparent digestible basis.

Nursery Diet

Growing-finishing Diet

Control

Control

ESBM

ESBM

Figure 1. Experiment 2 pig allotment.

Table 2. Composition of experiment 2 diets, % (as fed basis).
a

Two experiments were conducted.
Experiment 1 was a 28-day nursery
trial and Experiment 2 was a 119-day
growing-finishing trial.

Phase 2a

Phase 1

a

Phase 2

Phase 1
Ingredient, %

b

a

Phase 3

Control

ESBM

Control

ESBM

Control

ESBM

Corn
68.15
c
Soybean meal (47.5% CP ) 27.25
ESBM (43% CP)
—
Tallow
2.00
Dicalcium phosphate
1.10
Limestone
.40
Mineral premix
.10
Vitamin premix
.70
Salt
.30

68.65
—
28.75
—
1.10
.40
.10
.70
.30

76.15
19.25
—
2.00
1.10
.40
.10
.70
.30

76.90
—
20.50
—
1.10
.40
.10
.70
.30

80.30
15.25
—
2.00
.95
.40
.10
.70
.30

81.59
—
15.96
—
.95
.40
.10
.70
.30

Calculated Composition
CP,%
18.60
d
1.00
Lysine , %
c
1,547
ME, kcal/lb

18.06
1.00
1,556

15.46
.78
1,549

15.20
.78
1,544

13.91
.67
1,552

13.63
.67
1,539

a

Phase 1 diets fed from 27 to 110 lb (d 0 to 56), Phase 2 diets fed from 110-180 lb (d 56 to 91), Phase 3 fed
diets from 180-240 lb (d 91 to 119).
b
ESBM = Extruded/expelled soybean meal.
c
CP = Crude protein; ME = metabolizable energy.
d
Apparent digestible basis.
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a)

SEM=.019

ADG, lb

0.8
0.6

a

SEM=.011
a

SEM=.009

0.4

Control
ESBM

a

0.2
0
d 0-14
a

d 14-28
Feeding Phase

d 0-28

Nursery Diet effect (P<.05).

b)

1.4

SEM=.022

1.2
SEM=.015

ADFI, lb

1
0.8
0.6

Control
SEM=.012

ESBM

0.4
0.2
0

d 0-14

d 14-28

d 0-28

Feeding Phase

c)

0.8

SEM=.010

ADG/ADFI, lb/lb

0.7

SEM=.017

a

SEM=.006

a

0.6

a

0.5

Control

0.4

ESBM

0.3
0.2
0.1
0

d 0-14

d 14-28

d 0-28

Feeding Phase
a

Nursery Diet effect (P<.05).

Figure 2. The response of a) average daily gain (ADG), b) average daily feed intake (ADFI), and
c) ADG/ADFI to extruded/expelled soybean meal (ESBM) in Experiment 1.

(n = 12) or an experimental diet (n =
12). Pigs were given ad libitum access
to feed and water throughout the 28day feeding trial.
Diets were formulated to contain
similar percentages of digestible lysine
and were corn-soybean meal based
containing either conventional soybean
meal (Control) or ESBM (Table 1).
Pigs were fed their respective treatment diet for 28 days. There were two
feeding phases during Experiment 1 to
meet the changing nutritional require-

ments of the pigs. Phase 1 diets were
fed from day 0 to 14 (1.34% digestible
lysine) and phase 2 diets were fed from
day 14 to 28 (1.09% digestible lysine).
Pig and feeder weights were
recorded weekly and blood samples
were collected on days 0, 14, and 28 of
the trial for analysis of plasma urea
nitrogen.
Experiment 2
Two-hundred-forty pigs from
Experiment 1 were selected immedi-

ately after the nursery trial to continue
on in the grower-finisher phase of the
study. We selected an equal number of
pigs from each Experiment 1 diet (120
pigs fed Control and 120 pigs fed ESBM)
to achieve a common initial pig body
weight (27 lb) for all pens in Experiment 2. Pigs were housed in a modifiedopen-front building 10 pigs/pen
(5 barrows and 5 gilts), and pen was
the experimental unit. Pens were
assigned either a Control diet (n = 12)
or an ESBM diet (n = 12). Pigs were
assigned to a pen based on the dietary
treatment fed during the nursery
phase such that all pigs in a pen were
fed the same diet during Experiment 1.
This created four possible Experiment
1-Experiment 2 diet combinations:
Control-Control, Control-ESBM,
ESBM-Control, and ESBM-ESBM,
respectively (Figure 1).
Diets were formulated on an equal
digestible lysine basis (Table 2). Experiment 2 was divided into three feeding phases. Phase 1 diets were fed from
days 0 to 56 (27 to 110 lb). Phase 2
diets were fed from days 56 to 91 (110
to 180 lb), and Phase 3 diets were fed
from days 91 to 119 (180 to 240 lb).
The diets contained 1.00%, 0.78% and
0.67% lysine, respectively.
Pigs and feeders were weighed
approximately every two weeks to make
phase changes close to target weights.
Blood samples were collected on days
56, 91 and 119. On day 119, backfat
(BF) and longissimus muscle area
(LMA) were measured using real-time
ultrasound by a trained technician. Pigs
were transported to a slaughter facility
and TOBEC (total body electrical conductivity) measurements were recorded
for each carcass.
Results
Experiment 1
Average daily gain (ADG), average daily feed intake (ADFI), and feed
efficiency (ADG/ADFI) are shown in
Figures 2 a, b, and c, respectively.
Overall, and from days 0-14 and days
14-28, ADG was greater (P < .05) in
the Control pigs than the ESBM pigs.
(Continued on next page)
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a)

2.5
SEM=.026
2
ADG, lb

There were no significant differences
between the treatment groups in ADFI
at any point during the nursery trial.
From days 0-14, days 14-28 and days 0
to 28, ADG/ADFI was greater (P <
.05) in the Control pigs than the pigs
fed ESBM. On days 14 and 28, plasma
urea concentrations (PUC) were greater
(P < .05) for pigs fed ESBM compared
to the Control group (data not shown).

SEM=.145
a

1.5

SEM=.255
b

SEM=.143
a
Control
ESBM

1
0.5
0

d 0-56

Experiment 2

d 56-91

d 91-119

d 0-119

Feeding Phase
a

Growing-finishing diet effect (P<.05).
Growing-finishing diet x nursery diet interaction (P<.05).

b

b)
7
SEM=.062
a

6

SEM=.101
b
SEM=.051

ADFI, lb

5
4

Control

SEM=.033

ESBM

3
2
1
0

d 0-56

d 56-91

d 91-119

d 0-119

Feeding Phase
a
Growing-finishing diet effect (P<.05).
b

Growing-finishing diet x nursery diet interaction (P<.05).

c)

0.5

SEM=.032
a
SEM=.004

0.4
ADG/ADFI, lb/lb

Average daily gain, average daily
feed intake, and ADG/ADFI data are
shown in Figure 3 a, b, and c, respectively. From days 0-56 and for the
entire growing-finishing period (days
0 to 119), ADG was greater (P < .05)
for the Control pigs than for ESBMfed pigs. From days 91-119 there was
a nursery x growing-finishing diet interaction (P < .05) for ADG. Average
daily feed intake was greater (P < .05)
for Control pigs from days 56-91. Control pigs had a greater (P < .05) ADG/
ADFI from days 0-56. There were no
significant differences in plasma urea
concentration (data not shown) between the treatment groups.
Carcass data are shown in Table 3.
There were no differences in BF and
LMA measurements between treatments. Hot carcass weight (HCW) and
total pounds of primal cuts were greater
(P < .05) for Control pigs than for pigs
fed ESBM.
Considering only the 120 pigs that
were maintained on either the Control
diet or the ESBM diet from weaning
till slaughter, there was a trend (P <
.10) for greater ADG and ADG/ADFI
for the Control pigs vs. ESBM-fed pigs
(ADG: 1.52 vs. 1.47 lb, respectively;
ADG/ADFI: 1.00 vs. 0.98 , respectively).

SEM=.005

0.3

SEM=.006
b
Control
ESBM

0.2
0.1
0
d 0-56

d 56-91

d 91-119

d 0-119

Feeding Phase

Conclusions

a

Growing-finishing diet effect (P<.05).
Nursery diet (P<.05).

b

During the nursery trial, pigs fed
ESBM had reduced ADG and ADG/
ADFI versus pigs fed the Control diet.
The greater PUC for the ESBM-fed
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Figure 3. The response of a) average daily gain (ADG), b) average daily feed intake (ADFI),
and c) ADG/ADFI to extruded/expelled soybean meal (ESBM) in Experiment 2.

Table 3. Effects of soybean meal type on carcass composition.
a

GF Diet
b

HCW
Ham, lb
Loin, lb
Shoulder, lb
c
Total pounds lean
d
Primal cut , %
e
Total lean , %
Backfat, in
f 2
LMA , in

P-value

Control

ESBM

GF Diet

178.88
21.52
24.65
25.89
90.23
40.28
50.44
.70
16.00

173.81
20.97
24.23
25.32
87.40
40.57
50.28
.70
15.58

<.05
NS
NS
NS
<.05
NS
NS
NS
NS

a

GF = growing-finishing diet; Control = conventional soybean meal; ESBM = extruded/expelled soybean
meal.
b
HCW = hot carcass weight.
c
Total pounds lean = pounds of boneless ham, loin, shoulder, belly, and trimmings.
d
Primal cut, % = pounds of boneless ham, loin, and shoulder/HCW.
e
Total lean, % = total pounds of boneless lean/HCW.
f
LMA = longissimus muscle area.
g
NS = Not significant (P > .05).

pigs suggests that protein quality and(or)
amino acid availability may be compromised in ESBM. During the growing-finishing trial, growth performance
differences between the Control group

and the ESBM-fed pigs were reduced.
This observation could be related to
age of the pig. If the quality of the
ESBM was poor (damaged protein
and(or) presence of antinutritional fac-

tors), the deleterious affects would be
reduced as the pig matured. Considering the whole period from weaning to
finishing, there was a trend for pigs fed
the Control to have a slight advantage
over pigs fed ESBM.
Extruded/expelled soybean meal
may be a satisfactory ingredient in
swine diets when fed either during the
growing-finishing period or from weaning to finishing. The variation in ESBM
from different processing plants and
questions about quality control and
nutrient availability in ESBM need to
be explored.
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Andrea M. Tucker is a graduate student,
Phillip S. Miller is an associate professor, Austin
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Economic Value of Ractopamine (Paylean TM)
for Finishing Pigs
Duane E. Reese
Larry L. Bitney1

Summary and Implications
Ractopamine, a feed additive which
improves feed efficiency, daily gain
and several carcass characteristics
recently became available to pork producers. An economic feasibility analysis
on the feeding of 4.5, 9.0, and 18.0 g/
ton ractopamine to finishing pigs fed a
16% crude protein (0.82%lysine) cornsoybean meal diet from 150 to 240 lb
was conducted. The analysis was performed in two stages: 1) an economic
benefit for ractopamine was calculated from cost savings due to improved
feed efficiency and daily gain, and 2)
the amount of carcass premium needed
per pig to recover the added cost of
feeding ractopamine was calculated
for each dietary level of ractopamine.
We assumed one pound of Paylean TM,

containing 9 grams of ractopamine
per pound, cost $26. As expected, the
economic benefit (considering improved
feed efficiency and daily gain) of feeding ractopamine increases as corn and
soybean meal prices increase. However, its use cannot be justified economically through improved feed
efficiency and daily gain alone (corn
=$2.00/bu; soybean meal = $200/ton).
A producer would need to earn carcass premiums averaging $.41, $1.85,
or $4.97 per pig in order to recover the
cost of feeding 4.5, 9.0, and 18.0 g/ton
ractopamine, respectively. From the
standpoint of costs and returns and
assuming carcass premium is based
on 10th rib backfat, it appears easier
to justify feeding 9 g/ton ractopamine
compared to 4.5 or 18 g/ton, because
the first 9 grams of ractopamine resulted in the biggest reduction in 10th
rib backfat (.09 inches), while an additional 9 g/ton (total of 18 g/ton)
reduced backfat another .04 inches

only. However, if carcass premium is
based on a measure of loin eye area,
feeding 4.5 g/ton ractopamine may be
the best choice. We conclude that a
consistent carcass premium is necessary to justify feeding ractopamine
economically and that producers supplement published research information on responses to feeding ractopamine
with data generated on their own pigs.
Introduction
Pork producers have the opportunity to use a new feed additive,
ractopamine, in finishing pig diets.
Ractopamine (PayleanTM; Elanco Animal Health) belongs to a class of compounds know as beta-agonists. These
compounds are similar in structure
and pharmacological properties to epinephrine (adrenaline), a hormone
secreted by the adrenal gland. Betaagonists alter how nutrients that pigs
(Continued on next page)
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